Study Design. A retrospective cohort study. Objective. The aim of this study is to investigate the preoperative factors for postlaminoplasty kyphotic deformity in cervical spondylotic myelopathy (CSM) patients without preoperative kyphotic alignment focused on the cervical sagittal balance. Summary of Background Data. After laminoplasty (LAMP), appropriate decompression may be obtained when cervical lordosis is maintained to allow the posterior shift of the spinal cord. Therefore, LAMP is not suitable for patients with preoperative cervical kyphosis. However, we sometimes encounter patients who developed postoperative kyphosis despite normal preoperative alignment. The risk factors of postlaminoplasty kyphotic deformity for the patients without preoperative kyphotic alignment are not well known. Methods. A total of 174 consecutive patients who received a double-door LAMP for CSM without preoperative kyphotic alignment and completed a 1-year follow-up were enrolled. Cervical lateral X-ray images obtained in the standing position were measured at the preoperative stage and during a 1-year follow-up visit. The radiographic measurements included the following: (1) C2-7 lordotic angle (C2-7 angle), (2) C2-7 range of motion (C2-7 ROM), (3) CGH (center of gravity of the head)-C7 SVA, and (4) C7 slope. The clinical results were evaluated using the Japanese Orthopedic Association score system for cervical myelopathy (C-JOA score). Results. Postoperative kyphotic deformity was observed in 9 patients (5.2%). The recovery rates of the C-JOA scores at the 1-year follow-up period in the kyphotic deformity (þ) group were inferior to those of the kyphotic deformity (À) group. The CGH-C7 SVA and advanced age were detected as preoperative risk factors using multivariate analysis. Cutoff values for predicting postlaminoplasty kyphotic deformity were a CGH-C7 SVA ¼ 42 mm and an age of 75 years. Conclusion. Cervical sagittal imbalance and advanced age were the preoperative risk factors for kyphotic deformity after LAMP for CSM in patients without preoperative cervical kyphotic alignment.
S
pinal sagittal plane alignment has received significant attention in the literature as a key factor determining physical ability and clinical symptoms in adults, particularly with respect to thoracolumbar or spinopelvic sagittal balance. [1] [2] [3] [4] Although less is known regarding cervical sagittal balance and the associated clinical outcomes, increasing interest is being focused on the concept of sagittal balance in the cervical spine. Recently, cervical sagittal balance based on the cervical sagittal vertical axis (SVA) has been reported as an important determinant of clinical outcomes after cervical surgery. 5 Cervical laminoplasty (LAMP) has been widely used for the treatment of patients with cervical spondylotic myelopathy (CSM). Appropriate decompression may be obtained when cervical lordosis is maintained to allow the posterior shift of the spinal cord after surgery because LAMP is a posterior indirect decompression method. Therefore, it is well known that LAMP is not suitable for patients with preoperative cervical kyphotic alignment. 6, 7 However, we sometimes encounter patients who develop postoperative kyphosis despite normal preoperative cervical alignment. Little is known about the risk factor of postlaminoplasty kyphotic deformity for the patients without preoperative kyphotic alignment up to now.
Thus, we hypothesized that preoperative cervical sagittal imbalance might influence the occurrence of postoperative kyphotic deformity after LAMP. In this study, we investigated the risk factors for postoperative kyphotic deformity after LAMP in patients without preoperative kyphotic alignment specifically focused on the sagittal balance of the cervical spine.
MATERIALS AND METHODS

Materials
A total of 217 consecutive patients who received a doubledoor LAMP for CSM at our hospital from January 2008 to July 2013 were enrolled in this study. Patients with myelopathy caused by cervical disc herniation or ossification of the posterior longitudinal ligament, patients with a history of previous cervical spine surgery, patients who could not maintain an upright position without assistances were excluded. Preoperatively, all of the patients had lordotic or straight sagittal alignments (C2-7 lordotic angle >À5 degrees) because we generally performed anterior surgery or posterior decompression with fusion for such patients with preoperative kyphotic alignment at our institution.
Operative Procedure
The double-door LAMP was performed as described by Miyazaki and Kirita. 8 The paravertebral muscles were detached from the spinous processes on both sides and the processes at C3-6 were removed. The laminae at C3-6 were split at the midline and bilateral gutters were fashioned using a high-speed air-burr drill. The bilateral laminae were kept open by anchor-sutures to the capsule of the facet joint. For patients who had spinal cord compression at the C2/3 level, the inferior lamina at C2 was fenestrated. For patients who had spinal cord compression at the C6/7 level, the superior lamina at C7 was fenestrated. In all patients, the C2 and C7 spinous processes and the paravertebral muscles that were attached to these spinous processes were preserved.
Outcome Measures
Cervical lateral X-ray images obtained in the standing position were measured at the preoperative stage and at a 1-year follow-up visit.
As an index of cervical sagittal balance, we used the CGH (center of gravity of the head) C7 SVA, 5 which is the distance between the anterior margin of the external auditory canal plumb line and the posterior-cranial corner of the C7 vertebral body, as the cervical SVA (Fig. 1) .
The radiographic measurements included the following: (1) C2-7 lordotic angle (C2-7 angle), (2) C2-7 range of motion (C2-7 ROM), (3) CGH-C7 SVA, and (4) C7 slope (Fig. 2) .
The clinical results were evaluated using the Japanese Orthopedic Association score system for cervical myelopathy (C-JOA score) and the recovery rate of the C-JOA score, which is calculated using the method by Hirabayashi et al.
9
Statistics
Statistical analysis were performed using SPSS for Windows version 19.0 (SPSS Institute, Chicago, IL). The Spearman correlation coefficient was used to investigate evaluation for correlations between a postoperative decrease of cervical lordosis and the preoperative factors. Univariate statistical analyses were performed using the Mann-Whitney U test or the x 2 test. To identify the preoperative crucial risk factors for postoperative kyphotic deformity, risk factor analysis was performed by multivariate logistic regression with a forward stepwise procedure (P < 0.1 for entry). In this study, the occurrence of postoperative kyphotic deformity was used as a dependent variable, with age, CGH-C7 SVA, and C7 slope as independent variables. The sensitivity, specificity, and the receiver operating characteristic curve were measured to evaluate the valuable indexes for predicting postoperative kyphotic deformity. A statistically significant difference was set at P value less than 0.05.
RESULTS
Patient Demographics
One hundred seventy-four (80.2%, 108 males; 66 females) of the 217 patients completed 1-year follow-up. We analyzed the data of these 174 patients. The patients' demographic data are summarized in Table 1 . The mean patient age was 68.9 years (range, 32-87). LAMP was performed at C2-6 in 1 patient, at C2-7 in 4 patients, at C3-6 in 66 patients, and at C3-7 in 103 patients. The average C2-7 angle was 20.6 degrees of lordosis (range, -3.0 to 47.0), the average C2-7 ROM was 38.2 degrees (range, 5-86), the average CGH-C7 SVA was 20.8 mm (range, -35 to 90), and the average C7 slope was 30.3 degrees (range, 7-54) before surgery. The mean C-JOA score before surgery was 9.7 points (range, 5.0-15.5).
Correlations Between Postoperative Decrease of Cervical Lordosis and the Preoperative Factors
We investigated whether a postoperative decrease of cervical lordosis (preoperative C2-7 angle -postoperative C2-7 angle) correlated with the age at surgery and the preoperative radiographic factors, including C2-7 angle, C2-7 ROM, CGH-SVA, and C7 slope ( Table 2 ). The postoperative decrease of cervical lordosis significantly correlated positively with the age at surgery (r ¼ 0.224, P < 0.01), the preoperative CGH-C7 SVA (r ¼ 0.403, P < 0.01), and C7 slope (r ¼ 0.362, P < 0.01); however, no correlations were observed between the decrease and the preoperative C2-7 angle and C2-7 ROM.
Kyphotic Deformity After LAMP
Postoperative kyphotic deformity, defined as a C2-7 angle less than -5 degrees postoperatively, was observed at the 1-year postsurgery follow-up in 9 of the patients (5.2%).
We compared the preoperative factors between the kyphotic deformity (þ) group (9 cases) and the (À) group (165 cases) ( Table 3 ). The ages (P < 0.01), CGH-C7 SVAs By forward stepwise logistic regression, the age (odds ratio: 1.332; 95% confidence interval: 1.092-1.624, P ¼ 0.005) and the CGH-C7 SVA (odds ratio: 1.122; 95% confidence interval: 1.053-1.196, P < 0.001) were crucial preoperative risk factors for the occurrence of postoperative kyphotic deformity following LAMP (Table 4) . Moreover, the receiver operating characteristic curve analysis yielded an area under the curve of 0.861 (95% confidence interval: 0.736-0.986, P < 0.001) for age and that of 0.935 (95% confidence interval: 0.877-0.933, P < 0.001) for the CGH-C7 SVA. A cutoff of 75 years of age was associated with 88.9% sensitivity and 78.2% specificity and that of 42 mm of the CGH-C7 SVA was associated with 88.9% sensitivity and 92.1% specificity for predicting postoperative kyphotic deformity. The probability of postoperative kyphotic deformity for each patient was calculated by the following equation: Table 5 summarizes the calculated predictive probabilities for different patient conditions, including the age at surgery and the preoperative CGH-C7 SVA.
Case Presentation
An 86-year-old man presented with numbness in his upper and lower limb, bilateral hand clumsiness, and a spastic gait. His C-JOA score was 9.5 points preoperatively. He had cervical sagittal lordosis (C2-7 angle: 36 degrees), whereas cervical sagittal imbalance (CGH-C7 SVA: 46 mm) was observed on preoperative X-ray imaging (Fig. 3A) . Magnetic resonance imaging (MRI) showed spinal cord compression at the C3/4, C4/5, C5/6, and C6/7 intervertebral levels (Fig. 3B ). LAMP at C3 to C7 was performed considering that his cervical alignment had sufficient lordosis. He achieved satisfactory improvement of his symptoms immediately after surgery. However, his neurological symptoms were deteriorated gradually after 3-month postoperatively. At 1-year postoperative images, kyphotic deformity that led to cord compression at the C5/6 intervertebral level Kyphotic deformity (þ) was defined as C2-7 lordotic angle postoperatively <-5 degrees; kyhotic deformity (À) was defined as C2-7 lordotic angle >À5 degrees. A P value of less than 0.05 was considered to indicate a statistically significant difference. C2-7 angle indicates C2-7 lordotic angle; C2-7 ROM, C2-7 range of motion; CGH, center of gravity of head; C-JOA, Japanese Orthopedic Association for cervical myelopathy; SVA, sagittal vertical axis. Ã Significant difference. was observed (C2-7 angle: 13 degrees of kyphosis) (Fig. 3C, D) . The C-JOA score decreased to 8.5 points at the time (the recovery rate of C-JOA score: À13.3%).
DISCUSSION
LAMP is a standard surgical procedure for compressive myelopathy and provides good surgical result for long-term period. 10, 11 LAMP consists of a direct posterior decompression effect and an indirect anterior decompression effect resulting from the posterior shift of the spinal cord from the anterior compressive lesions. Therefore, it has been known that postoperative posterior cord shift was needed. Baba et al 12 showed that neurologic improvement is associated with posterior cord shift on MRI. Sodeyama et al 13 reported that posterior shift of the spinal cord more than 3 mm on computed tomographic myelography leads to a good recovery of myelopathic symptoms. Also, our group has reported that postoperative anterior impingement of the spinal cord impairs neurological recovery after LAMP.
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The postoperative kyphotic deformity is 1 of the important complications following LAMP, which prevents indirect decompression via posterior spinal cord shift and leads to postoperative residual anterior compression of spinal cord. In addition, cervical lordosis is needed to maintain forward gazing, and the loss of cervical lordosis is associated with pain and functional disability. 5 Several groups reported that the incidence is approximately 5% to 10% after posterior decompression alone. 10, 11, [17] [18] [19] Progressive kyphosis results in late neurological deterioration in long-term follow-up of LAMP.
6,10,20 Kimura et al 6 reported that cervical alignment of the patients with preoperative kyphotic alignment was worsened after LAMP, and LAMP for such patients did not provide good clinical results. Therefore, it seems that LAMP is not suitable for patients with preoperative cervical kyphotic alignment. Indeed, Suda et al 7 demonstrated that preoperative kyphotic alignment impairs the outcome of LAMP for the treatment of CSM.
However, we sometimes observe patients who develop postoperative kyphotic deformity despite nonkyphotic preoperative cervical alignment. 19, 21 Although we indeed performed posterior decompression with LAMP only for patients without preoperative kyphotic alignment, interestingly, kyphotic deformity occurred after operation in 5.2% of our cases. There are only a few predictive factors of postoperative kyphotic deformity for the patients other than preoperative kyphotic alignment. Kim et al 21 reported that high T1 slope was a predictive risk factor of kyphotic deformity using univariate analysis. In our study, we measured C7 slope instead of T1 slope because we could not measure T1 slope in cervical lateral X-ray image in many cases. As a result, although it showed differences in univariate analysis, it was not a crucial risk factor in the multivariate analysis. Indeed, there is also a recent report that the T1 slope does not affect the postoperative sagittal alignment change. 22 Kyphotic angle during flexion larger than lordotic angle during extension was suggested as another preoperative risk factor. 19 In our study, we had Probability data were displayed as a percentage. , low risk of postoperative kyphotic deformity (probability 0-33.3%); , moderate risk of kyphotic deformity (probability 33.3-66.6%); , high risk of kyphotic deformity (probability 66.7-100%). CGH indicates center of gravity of head; SVA, sagittal vertical axis.
A B C D Figure 3 . An 86-year-old man. Preoperative X-ray image (A) and sagittal view on a T2-weighted MRI image (B). Although he had cervical lordotic alignment, the cervical sagittal balance based on the CGH-C7 SVA was inadequate. An X-ray image (C) and sagittal view on a T2-weighted MRI image (D) at 1 year after LAMP showed that kyphotic deformity and spinal cord compression ( ) had occurred.
not measured theses parameters. The objective measurement of cervical angle at flexion or extension was thought to be difficult to evaluation because they were greatly influenced by pain, degree of myelopathic symptoms, and cervical sagittal balance. In this study, we focused on the cervical sagittal balance as a causative factor for the postoperative kyphotic deformity. We indeed show that preoperative cervical sagittal imbalance and advanced age were predictive factors of the kyphotic deformity following LAMP. In adult spine, sagittal global balance becomes worse with increasing age. This mechanism is considered to consist of a decrease of lumbar lordosis and an increase of thoracic kyphosis, thereby resulting in an increase of SVA (the distance between the center of C7 vertebra body plumb line and posterior-cranial corner of sacrum), which is an indicator of the sagittal global balance. [23] [24] [25] Unlike thoracolumbar spine, the sagittal balance of the cervical spine in healthy individuals has been reported to relatively maintain even in the elderly patients [23] [24] [25] because cervical lordosis increased due to the compensative balance. 26 Similarly to healthy subjects, it was reported that cervical SVA of CSM patients is not affected by age. 27 Therefore, the advanced age and cervical sagittal imbalance are independent risk factors of kyphotic deformity after LAMP individually. To keep the lordosis of cervical spine in the imbalance state, it will be necessary to enhance muscle strength of cervical extension muscles. Furthermore, they may have weakened in elderly patients. For these conditions, it is speculated that invasion in posterior extension mechanism of LAMP causes postoperative kyphotic deformity.
Recently, cervical sagittal balance becomes 1 of indicators by which surgeons make decision of operative procedure for CSM. From the result of our study, posterior decompression alone should not be applied to elderly patients with cervical sagittal imbalance. As we have reported, we believe that ADF does not impair the cervical balance after surgery and may prevent kyphotic deformity in such cases. 27 Of course, overall judgment, such as the general condition, comorbidities, and complications, would become necessary. To perform the anterior procedure in the difficult cases, posterior decompression with fusion or minimally invasive posterior surgeries, such as selective laminectomy or micro-endoscopic laminectomy, may be candidates.
However, this study has the following limitations: (1) it was retrospective in nature with relatively small cohort size to evaluate such rare incidence; (2) the 1-year follow-up may not be sufficient; and (3) the relationship between the postlaminoplasty cervical kyphosis and thoracolumbar or spinopelvic parameters could not be confirmed because whole sagittal radiograph was not used. We hope prospective studies with large populations including whole spine sagittal radiograph to assess the postoperative kyphotic deformity for CSM patients. Although further investigations will be needed, our findings established that cervical sagittal imbalance and advanced age are the preoperative risk factors of kyphotic deformity after LAMP for CSM in patients without preoperative cervical kyphotic alignment.
Key Points
We performed laminoplasty for CSM patients without preoperative cervical kyphotic alignment by 1 surgical group at 1 institution. Postoperative kyphotic deformity was observed in 5.2% at the 1-year follow-up. The recovery rates of the C-JOA scores at the 1-year follow-up period in the kyphotic deformity (þ) group were inferior to those of the kyphotic deformity (-) group. Cervical sagittal imbalance and advanced age were the preoperative risk factors for the kyphotic deformity after laminoplasty. Cutoff values for predicting postoperative kyphotic deformity were a CGH-C7 SVA ¼ 42 mm and an age of 75 years.
